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ABSTRACT 
Spermiogenesis in two male-sterile Third-
Chromosome mutants of Drosophila melanogaster 
by 
Richard F. Wilkinson, Master of Science 
Utah State University, 1972 
Major Professor: Hugh P. Stanley 
Department: Zoology 
vii 
An ultrastructural study of sperm differentiation was made on two male-
sterile mutants of Drosophila melanogaster. The mutations were induced on 
the third chromosome with the monoalkylating agent ethyl methanesulfonate 
and were maintained in stock cultures over a balancer chromosome using a 
system of multiple inversions. The stages of sperm differentiation, a most 
dramatic form of cellular differentiation, were then studied at the electron 
microscope level to determine the effect of the mutations on sperm structure 
and to correlate those changes with normal sperm development. 
Studies of the genetic control of cellular differentiation have been 
hampered by difficulties in devising an in vitro system. Drosophila 
melanogaster provides an excellent system for these types of studies since 
the genome is well characterized, sperm development is a continual process, 
it is a higher organism with many complex interactions and normal sperm 
differentiation has been well characterized and can serve as the control 
over such genetic manipulations. 
Analysis of the first of the two mutants studied, ms(3)10R, presents 
some evidence for an inductive action of cytoplasmic microtubules on the 
condensation of chromatin in the nuclei of developing sperm which, in turn, 
influences the normal differentiation and shaping of the sperm head. 
viii 
Additionally, the study of this mutant appears to indicate that this locus 
exercises an organizational rather than a structural control. 
The second mutant studied, ms(3)3R, shows normal sperm differentiation 
until a very late stage of development. The sperm tails then proceed to 
degenerate in an ordered fashion that differs from the degenerative changes 
to the sperm tails described for Y-chromosome mutations and deficiencies. 
In addition to the ultrastructural changes seen, the male-sterile flies 
fail to copulate. It appears, therefore, that this genetic locus on the 
third chromosome functions in the maintenance of sperm structure and also 
the normal behavior of the flies. The behavioral abnormality observed suggests 





It is obvious that cytodifferentiation must be under control of the 
cell genome, but the study of genetic control of cell differentiation has 
been given only limited attention. One experimental system that lends itself 
to such a study is spermatogenesis in Drosophila melanogaster. This is an 
excellent system for the study of cell differentiation because it is a 
continual process throughout the life span of the male fly, it has well 
defined initial and terminal points, and there is a dramatic change in 
cellular morphology throughout the process of spermatogenesis. 
Previous approaches to the genetic control of spennatogenesis in 
Drosophila melanogaster has been largely restricted to mutations or dele-
tions of the Y chromosome. Hess and Meyer (1968) reviewed the activity of 
the Y chromosome in spennatogenesis and provided convincing evidence that 
mutations on the Y chromosome result in the disorientation of elements of 
the spermatid rather than the lack of synthesis that leads to structural 
elements. Similarly, Kiefer (1966, 1968, 1969, 1970) studied the effects of 
Y-chromosome mutations and deletions on spenniogenesis and concluded that 
the Y chromosome serves an organizational rather than structural role. These 
conclusions suggest, therefore, that the structural proteins and enzymes 
must be coded on the X and/or autosomal chromosomes. Autosome mutations 
resulting only in male sterility were induced on chromosome two by Edmonton 
(see Lindsley and Grell, 1967) but were subsequently lost. Therefore, 
successful isolation of male sterile flies due to autosome mutation was con-
ducted in this laboratory. Spenniogenesis in two of these mutations on 
chromosome two were studied at the electron microscope level (Romrell, 
Stanley and Bowman, 1972a,b). 
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A detailed study on nonnal spennatogenesis in Canton-$ wild type was 
recently published (Stanley, Bowman, Romrell, Reed and Wilkinson, 1972) 
and served, along with the work on spermatogenesis by Tates (1971), as 
controls to which comparisons of change in the male sterile mutant testes 
were made. 
The ultrastructural characterization of spermiogenesis in two male-
sterile third-chromosome mutants of Drosophila melanogaster provides the 
basis for this study. 
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REVIEW OF LITERATURE 
Normal spermatogenesis in Drosophila 
The testes of Drosophila can be arbitrarily divided into four regions 
that delineate areas in which specific spermatogenic events occur. The 
apical end is that portion of the testis found most distal to the external 
genitalia of the male fly. Within this region are found apical cells and 
predefinitive spermatogonia. The cells of the apical region have been 
reported to serve an androgenic function in insects (Naisse, 1966a). The 
predefinitive spermatogonia undergo mitotic divisions that represent the 
initial stages of spermatogenesis in Drosophila. Of the two cells that are 
derived from the predefinitive spermatogonium, one becomes a definitive 
spermatogonium that will develop into the spermatozoa. The other division 
product remains as a predefinitive spermatogonium, therefore assuring a 
constant supply of cells for spermatogenesis. The definitive spermato-
gonium mitotically divides four times to give 16 primary spermatocytes. 
The meiotic divisions that follow will result in 64 haploid spermatids 
which subsequently differentiate into the mature spermatozoa (Cooper, 1950; 
Tates, 1971). These differentiative processes are found in the coiled mid-
region of the testis. Testicular ducts, a constriction at the basal region 
of the testis, and seminal vesicles comprise the remaining portions of the 
testes. The mature spermatozoa pass through the testicular duct and into 
the seminal vesicle where they are stored (Cooper, 1950). 
The primary spermatocytes are phenotypically characterized by large, 
pleomorphic nuclei and large nucleoli. The mitochondria are randomly 
dispersed throughout the relatively sparce cytoplasm. The meiotic divisions, 
which occur in rapid succession, give spermatids with nearly circular 
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nuclei, each with a small homogenous nucleolus. The mitochondria in the 
spermatid cytoplasm fuse into a large syncytial mass referred to as the 
Nebenkern, and then divide into two Nebenkern derivatives, one of which 
forms a paracrystalline structure (Tates, 1971). Axonemal development 
follows the fairly typical insect pattern that results in a "9+9+2" micro-
tubular pattern. 
Coopers' (1950) study on normal spermatogenesis was at the light 
microscope level and was therefore incomplete in the terminal differentia-
tive events. The first ultrastructural study of spermiogenesis in Drosophila 
was limited to the Nebenkern derivatives and axoneme substructure in wild-
type flies (Yasuzumi, Fujimura and Ishida, 1958). Meyer (1964), studying 
the paracrystalline structure of the primary Nebenkern derivative, presented 
evidence indicating that respiratory enzymes are stored in the paracrystalline 
structure. He also postulated a supportive role for the paracrystalline 
structure in the mature sperm tail. Shoup (1967) studied morphogenesis 
of normal sperm nuclei and aberrant nuclear change in a X-chromosome male-
sterile stock. She found a lack of nuclear elongation and, at the histo-
chemical level, loss of the normal conversion of lysine-rich to arginine-
rich histone in the mutant nuclei. 
Anderson (1967), studying the effect of temperature on normal sperm 
differentiation, ultrastructurally characterized normal spermiogenesis at 
18°c and 25°c and found that the temperature has no significant effect on 
organelle structure and development. Perotti (1969) published a study on 
the structure of the mature spermatozoan of Drosophila but did not discuss 
the spermatogenetic process to any length. Tates (1971) presented the 
most complete study on normal spermatogenesis at the fine structure level. 
His study treated the premeiotic and meiotic differentiative stages in a 
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comprehensive fashion, but was notably deficient in the subtle description 
of later spermatid differentiation. Stanley, et al. (1972) have prepared 
a comprehensive study of organelle relationships and spermatid differentia-
tion that provides a reference of wild type spermatogenesis against which 
the experimental studies presented in this thesis are compared. 
Genetic control of spermiogenesis in Drosophila 
Most of the work on spermiogenesis has been restricted to deletions 
and mutations of the Y chromosome. Safir (1920) showed that X/0 males 
produced no motile sperm but were otherwise normal. Brosseau (1960) studied 
mutations and deficiencies of the Y chromosome finding normal premeiotic 
stages but failure of the spermatids to elongate and mature normally. 
Meyer, Hess and Beerman (1961), Hess and Meyer (1968) and Meyer (1969) 
studied the ultrastructural effects of Y-chromosome mutations and deletions 
on spermiogenesis. Although some variation was noted between species, they 
concluded that Y-chromosome gene products serve an organizational rather 
than a structural role in Drosophila melanogaster. Kiefer (1966, 1968, 1969 
and 1970) has studied spermiogenesis in Y-chromosome mutants and deletions 
of Drosophila melanogaster at the ultrastructural level and also found that 
there was a lack of organization of spermatid components rather than the 
absence of some structural entity. In the mutants he studied the ultrastruc-
tural abnormalities were limited to the Nebenkern derivatives and the 
axonemal complex. Bairati and Baccetti (1966) found in studying XC1yS male-
sterile mutants, that the Nebenkern derivative formation and separation of 
the spenn from the syncytial mass were aberrant. 
The above conclusions concerning the function of the Y chromosome on 
spermatid organization during differentiation suggest that chromosomes other 
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than the Y function in sperm differentiation. Shoup (1967), as described 
above, found that in a male-sterile mutant stock that also had a transloca-
tion between the X chromosome and chromosome two, nuclear elongation and 
the normal conversion of lysine-rich to arginine-rich histone were absent. 
With ultraviolet radiation, Edmonton (see data in Lindsley and Grell, 
1967) induced several male-sterile mutants on chromosome two, but the 
stocks were discarded before studies such as those described here could be 
initiated. Romrell, Stanley and Bowman (1972a, b) have isolated and 
ultrastructurally characterized spermiogenesis in two male-sterile mutants 
of chromosome two. Their data indicate autosomal gene products have a 
specific function in maintenance of sperm integrity and reproductive capa-
bility. The data also suggests that these genes function in the organization 
and direction of spermiogenesis in Drosophila. 
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MATERIALS AND METHODS 
The recessive male sterile mutants of the third chromosome,ms(3)10R 
and ms(3)3R,used in this study were recovered from a Canton-S wild type 
stock following treatment with ethyl methanesulfonate (EMS)(Romrell, ~al., 
1972a, b). Following isolation, the stock was balanced with a multiple 
inversion chromosome that allowed only homozygous male sterile and 
heterozygous flies to survive (Romrell, et al., 1972a, b). The homozygous 
female flies in both mutants were also sterile. All flies were maintained 
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at 25±1 Con standard corn meal-sucrose-yeast-agar medium with propionic 
acid added as a mole inhibitor. 
In order to determine sterility of the mutant flies used for fine 
structural analysis, white virgin females were crossed to presumed male 
sterile flies. This procedure provided controls on both male sterility and 
on female virginity. 
Light microscopic studies were made with a Zeiss WL phase microscope. 
Testes were dissected in Drosophila Ringers solution (Butterworth, Bodenstein 
and King, 1965) and either squashed under a coverslip and directly observed 
or stained with acetocarmine-fast green (Dippell, 1955) prior to observation. 
Males were examined for testis shape, ducts, accessory glands and ejaculatory 
bulb as well as for sperm motility. The spermathecae and seminal receptacles 
of females used in sterility checks were observed for the presence of sperm. 
For electron microscopy, testes from sterile males were dissected in 
2.5% glutaraldehyde, fixed for one hour in the same solution and then post-
fixed for one hour in 1% osmium tetroxide. Both fixatives were in 0.2M 
sodium cacodylate at pH 7.4. Better preservation of membranes was noted in 
mutant ms(3)10R by the substitution of O.lM sodium cacodylate at pH 7.4 in 
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the above fixatives, or by the use of the simultaneous fixation described 
by Stanley (1971). This consists of 1.25% glutaraldehyde and 1.25% osmium 
tetroxide in O.lM sodium cacodylate at pH 7.4. Following fixation, the 
testes were rinsed in buffer, dehydrated in a graded series of ethyl 
alcohol solutions, cleared in three changes of propylene oxide and em-
bedded in Epon 812 (Luft, 1961). Sections were cut with either a diamond 
or glass knife on a Sorvall MT-II ultramicrotome and were picked up on 
carbon coated grids. The sections were then doubly stained with uranyl 
acetate (Watson, 1958) and lead citrate (Reynolds, 1963). For negative 
staining, testes were teased apart in distilled water, picked up on carbon 
coated grids and then stained with 1% sodium phosphotungstate at pH 7.2. 
All electron microscopic observations were made with a Zeiss EM-9S-2 electron 
microscope. 
RESULTS 
I. Autosomal male-sterile mutant ms(3)10R 
A. Light microscopy. 
With the exception of the seminal vesicles, the male reproductive 
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system of ms(3)10R is complete and appears to be normal. The seminal vesicles, 
which normally have a diameter approximately one and one half times that of 
the testis, are reduced to a diameter approximately equal to that of the 
testis itself. Late spermatid nuclei are occasionally observed with the aid 
of fast green staining to be out of register with respect to each other 
compared to wild type spermatids whose heads are in close lateral alignment. 
No motile sperm were seen in mutant flies. Both light and electron 
microscopic observation showed that transfer of sperm to the female reproduc-
tive system did not occur, although copulation was observed with confirmed 
male sterile flies. 
B. Electron microscopy of spermatogenesis. 
In normal spermatogenesis in Drosophila melanogaster, predefinitive 
spermatogonia divide to give definitive spermatogonia. The latter then 
divide synchronously to give 16 primary spermatocytes which subsequently 
undergo meiosis (Cooper, 1950). Normally the spermatids undergo differentia-
tion that results in spermatozoa with two Nebenkern derivatives, a single 
axoneme, a narrow elongate head and a lanceolate acrosome (Stanley, et _tl., 
1972; Tates, 1971). 
The apical and spermatogonial cells found in the germinal tip of the 
ms(3)10R testes are consistent in morphology with the description given by 
Tates (1971). The apolar spermatocytes appear morphologically normal with 
the exception of the nucleolus. In the mutant cells the nucleoli appear 
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more distinctly fibrous, containing many strands about 165 A in diameter 
(figures 1 and 2). Although such fibers are occasionally observed in wild 
type nucleoli, they are more distinctive in the nucleoli of this mutant. 
It appears that the greater visibility of the coarse fibers may be due to 
dispersion of granular material that normally surrounds the fibers (figure 2). 
Large myelin figures are consistently found in the meiotic division 
stages of this mutant (figure 3). The spindle microtubules and the cen-
trioles appear to be normal. 
The acrosome in the spermatids of this mutant form from an extensive 
Golgi complex as in wild type. In the late stages of development, the 
acrosome elongates and exhibits projections that extend to the plasma mem-
brane (figures 7 and 8). These projections are also found in wild type 
spermatids, except that the wild type acrosome is also surrounded by a 
population of cytoplasmic microtubules. Sometimes the acrosome appears 
somewhat contorted (figure 4) but otherwise normal. 
In stage 7 wild type spermatids, the nuclei show distinct alignment 
of the chromatin along the inner surface of the nuclear envelope. Such 
alignment of chromatin appears opposite cross-linked cytoplasmic microtubules 
that extend around most of the periphery of the nucleus (Stanley, et al., 
1972). In the majority of the stage 7 mutant nuclei, condensed chromatin 
is concentrated along the inner side of the nuclear envelope in a thick and 
apparently randomly oriented layer (figure 8). Such nuclei do not elongate 
and no closely associated microtubules are observed over the outer nuclear 
surface. A large central area of medium electron opacity is characteristic 
of these nuclei. A few more-normal-appearing nuclei are also seen in mutant 
testes. These have a microtubular layer associated with the outer nuclear 
surface, but component tubules are less numerous than in normal spermatids 
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(figures 9 and 10). Chromatin condensation at the inner nuclear surface 
appears to be essentially similar to that in wild type. Some areas lacking 
microtubules also show chromatin peripheralization. In a single instance 
a nuclear cross section was observed that appeared to have undergone nearly 
normal condensation (figure 15). An essentially complete microtubular 
array was observed around this nuclear section. In confirmation of observa-
tions on isolated bundles by light microscopy, sections of intact testes 
showed a scattered spatial distribution of spermatid nuclei within a bundle. 
Counts of sperm bundles at any developmental stage in wild type 
regularly show 64 axonemes and 64 each of primary and secondary Nebenkern 
derivatives. Counts made on ms(3)10R mutant showed up to 91 discernable 
axonemal cross sections and as many as 185 discernable paracrystalline 
structures per bundle. Within bundles exhibiting greater than the normal 
number of sperm, there were axonemes whose doublet orientations were reversed 
(figures 9 and 14) indicating the possibility that some axonemal sections 
represent recurved portions of other axonemal images seen in the same area. 
Identifiable in these bundles are numerous dissociated axonemal components 
linked in normal fashion with smooth endoplasmic reticulum (figures 6 and 13). 
Occasionally, two sets of central doublets are seen in the axoneme (figures 
5 and 12). This configuration has only been observed in axonemes that are 
at least partially disrupted. 
Also in these aberrant bundles there are long, tortuous Nebenkern 
derivatives in which are found as many as four images of paracrystalline 
lx>dies, but most generally only one or two (figures 8 and 11). The para-
crystalline structure in the Nebenkern derivative is almost always found 
adjacent to an area where the derivative contacts a section of smooth endo-
plasmic reticulum. Negatively stained paracrystalline bodies in mutant 
spermatids demonstrate that they have a periodicity within the range 
determined for wild type (about 290 R major longitudinal periods). The 
paracrystalline structure apparently begins to degenerate in stage 10 
spermatids (figure 16), 
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Based on the extent of axonemal development, mutant spermatids differen-
tiate to a point equivalent to stage 10 (Stanley, et al., 1972). By this 
stage cytoplasmic aggregations of electron dense coarse granules are seen. 
This increased cytoplasmic density is accompanied by an increased distance 
between cytoplasmic masses that contain the spermatids (figure 17). 
In the seminal vesicles, spermatids degenerate further by the breaking 
up of membranes and dispersion of cytoplasmic elements. Scattered para-
crystalline bodies lacking complete membranes are found interspersed with 
cored microtubules and assorted membranous and granular fragments (figures 





Section of mutant testis showing an apolar spermatocyte. The 
mitochondria (M) and myelin figures (MF) in the cytoplasm 
appear normal. The nucleolus (NU), however, has a fibrous 
appearance. Other nucleic inclusions are normal. 19,000X. 
Higher magnification of the nucleolus seen in figure one. The 
fibers (arrows) are about 165 Kin diameter. 45,SOOX. 
Section through a dividing primary spermatocyte (first meiotic 
division) showing spindle microtubules (Mr) and large myelin 









Nucleus (N) of an early spermatid that has failed to elongate. 
The acrosome (A) appears aberrant possibly because of the lack 
of nuclear elongation. 45,SOOX. 
Axoneme of an early spermatid. The paracrystalline body (PB) 
has just started to form in one of the Nebenkern derivatives 
(ND). This axoneme has two sets of central doublets (arrow) 
and is disrupted. 44,000X. 
Doublets of an early axoneme that shows their association with 
smooth endoplasmic reticulum (arrows), regardless of their 
disruption from the axoneme. 123,000X. 
Normal appearing acrosome (A) showing the links that exist 
from the acrosome to the plasma membrane (arrows). A portion 
of the nucleus (N) is seen in this section. 132,000X. 
Nucleus of a stage seven spermatid showing abnormal chromatin 
(CH) condensation that leaves an area of reduced electron 
opacity in the center of the nucleus (NV). The attached 
acrosome (A) has the projections that normally exist to the 
plasma membrane. Several abnormal appearing Nebenkern deriva-
tives (ND) are seen (arrows). 37,500X. 
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Figure 9. Section through a sperm bundle in stage seven. Compare the 
nucleus (N) seen in this section with that of figure 8. Note 
the reverse orientations of the doublets in the axonemes 
indicated (arrows). A portion of a nurse cell (NC) is seen. 
37,SOOX. 
Figure 10. Higher magnification of a portion of the nucleus seen in 
figure 9. Note the incomplete microtubular array and the 
pattern of chromatin condensation (CH). 123,000X. 
Figure 11. Section through the flagellar region of a stage seven sperm 
bundle. Note the sinuous Nebenkern derivatives (ND) and their 
loss of attachment to the periaxoneal endoplasmic reticulum. 
Axonemes are seen in several disrupted configurations. 40,000X. 
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Figure 12. A disrupted flagellar complex in stage nine. This axoneme has 
two sets of central doublet tubules (CT) and lacks one set of 
peripheral doublets (arrow). There is a single paracrystalline 
body (PB) in the prominent Nebenkern derivative. 106,SOOX. 
Figure 13. Portion of a disrupted axoneme showing the normal association 
between smooth endoplasmic reticulum and the accessory tubules 
(arrows). 148,SOOX. 
Figure 14. Stage ten sperm tails demonstrating the reverse orientation 
of the axonemes within a common cytoplasmic matrix. Compare 
the doublet orientation of the two axonemes indicated (arrows). 
46,SOOX. 
Figure 15. The only late nucleus (stage 10) found having a morphologically 
normal appearance. The microtubular array (although oblique 
in plane of section) is nearly complete. 123,000X 
Figure 16. Late sperm tail showing the apparent degeneration of the 
Nebenkern derivative by swelling of the membrane complex away 
from the paracrystalline structure (PB). There is a change 
in the morphology of the paracrystalline body at its periphery 





Figure 17. Late stage of spenniogenesis showing a bundle in degeneration. 
The nucleus (N) has failed to elongate but shows peripheraliza-
tion of the chromatin. There is an increase in the overall 
electron density and an increase in the granular nature of the 
cytoplasm surrounding the spenn. There are also increased 
distances between the cytoplasmic matrices that contain the 
spenn (*). 38,400X. 
Figure 18. Cored axonemal microtubules in the seminal vesicle in associa-
tion with paracrystalline structures (PB). Very little 
membranous structures are present (arrow). 134,SOOX. 
Figure 19. Survey micrograph of the seminal vesicle showing disrupted 
and scattered microtubules (MT). Paracrystalline structures 
(PB) are seen in oblique section. 29,SOOX. 
~ .. ~, . 
"-. - ·,; -., . 
'"·· 4=..... . .. 
'1. ,., "' • t 
22 
. ,. 




II. Autosomal male-sterile mutant ms(3)3R 
A. Light Microscopy. 
23 
The reproductive system of ms(3)3R is normal with the exception of 
the seminal vesicles, which are reduced to a diameter equal to that of the 
testis. (Wild type seminal vesicles are generally about one and one half 
times the diameter of the testis.) The males of this mutant do not 
copulate and, of course, there was no transfer of sperm to the female 
reproductive system in any of the flies used in the sterility checks. 
B. Electron microscopy of spermiogenesis. 
In normal sperrniogenesis there are two Nebenkern derivatives of about 
equal size that arise from the division of a mitochondrial syncytium termed 
the Nebenkern. Of these two derivatives, one forms a paracrystalline 
inclusion and the other becomes much reduced as viewed in cross sections of 
late spermatids. The nucleus characteristically undergoes elongation as-
sociated with condensation of the nuclear contents. The acrosorne originates 
from an extensive Golgi complex and forms a lanceolate structure on the 
apical end of the nucleus. The axoneme originates from a centriole and a 
centriolar adjunct at the base of the maturing nucleus. The mature axoneme 
shows a typical inset "9+9+2" microtubule pattern in cross section. For a 
detailed description of spermiogenesis in Canton-S wild type, see Stanley, 
et al., 1972. 
Abnormalities at the ultrastructural level in ms(3)3R, which appear to 
be limited, at least initially, to the sperm tail, begin at a stage corres-
ponding to stage 10 in Canton-S wild type (Stanley, et al., 1972)(figure 20). 
The primary derivative in most instances loses its direct association with 
the periaxonernal endoplasmic reticulum. Relative to wild type there is a 
marked variation in the cross sectional area of the secondary derivative and 
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in the retention of cytoplasmic matrix around the developing sperm. Sub-
sequently, the sperm in a degenerating bundle coalesce, a change accompanied 
by the loss of large quantities of membranous and granular material (figure 
21). The location of the lost material, apparently the cytoplasm and 
surrounding membrane of the sperm, in the nurse cell cytoplasm suggests a 
phagocytic role of the nurse cell in association with a developing sperm 
bundle. There is loss of discernable secondary derivatives in the coalesced 
bundles, and it appears that the primary derivatives begin to degenerate as 
evidenced by the loss of the close association of the paracrystalline body 
with the inner membrane of the mitochondrial derivatives (figure 22). The 
axonemes are intact and have developed such that there is no morphological 
or dimensional deviation from the wild type axoneme. 
The nuclei and acrosomes at this stage appear normal although there is 
apparently a retention of cytoplasmic matrix in this area (figure 23). The 
coalescence does not extend to the nuclear region. 
As the degenerating sperm bundles enter the seminal vesicles, the 
axonemes frequently appear collapsed, apparently due to the loss of the 'A' 
subtubule and its' associated spoke (figure 24). The paracrystalline 
structure of the primary Nebenkern derivative is maintained, but there are 
multilaminar structures among the disrupted axonemes and paracrystalline 
bodies. The 'B' subtubule of each peripheral doublet is subsequently lost 
leaving 11 cored tubules, the two central and nine peripheral accessory 
tubules of the axoneme (figure 25). The central tubules are identified by 
the link that persists between them, and the peripheral accessory tubules 
are identified by their laterally projecting arms. A further stage in 
degeneration involves the loss of the electron dense coating around the cored 
tubules leaving a thin-walled cored cylinder or tubule (figure 26). In all 
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the stages described above, the tubular components are intermixed with 
paracrystalline bodies and multiple layers of membranes. It is assumed that 
the membrane configurations originate from the preexisting derivative, 
axonemal, and plasma membranes of the spermatozoa. Further degeneration 
results in the loss of arms or cross-links associated with the tubules (fig-
ure 27). 
In addition to the sequence of degenerative changes described above, 
complete, but often disrupted axonemes are found in the seminal vesicles 
(figures 28 and 29). In contrast to the degenerative sequence previously 
described, the disrupted axonemes maintain the integrity of the doublet, 
spoke and accessory tubule complex (figure 29). Occasionally, axonemes are 
found that have lost some of the electron dense material associated with the 
accessory tubules (figure 30), With these configurations there is a marked 
absence of the laminar membrane arrays characteristic of the sequence of 
degenerative events described above. Degenerative changes that follow 
probably occur in the absence of such laminar arrays and, therefore, degenera-
ting sperm are scattered randomly throughout the seminal vesicles, making it 
impossible to determine an ordered sequence of degeneration. 
Nuclei of sperm in the seminal vesicle appear to be normal. There is 
no evidence of retention of cytoplasmic matrix as described for the late 
testicular nuclei. 
Since ms(3)3R mutant males do not copulate, the degenerative changes 
noted could possibly occur in wild type males. To test this, Canton-S males 
were recovered two to three hours after eclosion and were aged in the absence 
of females for 15 days. The testes were then observed at the light and 
electron microscope levels. The seminal vesicles were greatly enlarged, 
reaching a diameter approximately two and one half times that of the testis. 
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Sections through these seminal vesicles showed no distinct ultrastructural 
changes other than some swelling of spermatozoa resulting in a separation 
of the outer membrane complex from the axoneme and paracrystalline body 
(figures 31 and 32). 
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Figure 20. Section through a mutant sperm bundle in Stage 10 of develop-
ment (Stanley, et al., 1972). There is retention of a large 
amount of cytoplas;-around the individual spermatids. Primary 
Nebenkern derivatives (PD) and secondary Nebenkern derivatives 
(SD) are shown. Note also the relatively large variation in 
cross sectional area of the secondary derivatives (arrows). 
45,000X. 
Figure 21. Portion of a coalescing sperm bundle (SB) showing membranous 
material (MM) and granular material (GM) located in the 
nurse cell (NC) cytoplasm. 13,000X. 
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Figure 22. Early stage of degeneration within a coalesced sperm bundle 
showing the absence of secondary Nebenkern derivatives and the 
loss of close association between the paracrystalline body (PB) 
and the membrane complex of the primary Nebenkern derivative 
(PD). 78,SOOX. 
Figure 23. Section through a sperm bundle in the nuclear region. Although 
bundle coalescence does not extend into the nuclear region, 
there is a large amount of cytoplasm around the nuclei (N). 
Acrosomes (A) are also present in this section. 45,000X. 
Figure 24. A section demonstrating a later stage in axonemal degeneration 
showing loss of the inner portion of the 'A' subtubule and 
associated spoke (arrow). Multilaminar structures (ML) have 
formed around the paracrystalline body (PB) and the axonemal 
remnant. 161,000X. 
Figure 25. Micrograph illustrating the stage at which there is loss of 
all doublet structures leaving only the cored central (CT) and 
accessory (AT) microtubules in close juxtaposition. Multi-
laminar structures (ML) surround both the cored axoneme 
microtubules and the paracrystalline body (PB). 228,000X. 
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Figure 26. Stage of axoneme degeneration showing loss of the electron 
dense coating around the cored central and accessory micro-
tubules (arrows). The multilaminar structures (ML) around 
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the axoneme and paracrystalline body (PB) reach their greatest 
thickness in this stage. 244,000X. 
Figure 27. Stage at which only the denuded axonemal central and accessory 
cored microtubules remain. The multilaminar structures (ML) 
and paracrystalline bodies (PB) appear to be greatly diminished 
in size. 244,000X. 
Figure 28. Morphologically normal appearing axonemes found in the seminal 
vesicles. They have lost their association with primary or 
secondary Nebenkern derivatives. 98,000X. 
Figure 29. Section of seminal vesicle in an area where axonemes have not 
started to degenerate. Disrupted axonemes show maintenance 
of the accessory tubule, peripheral doublet and spoke structure 
(arrows). Paracrystalline bodies (PB) are present but the 
multilaminar structures characteristic of degeneration in the 
coalesced bundles are absent. 70,000X. 
Figure 30. Detail of a complete axoneme from the seminal vesicle. Note 
the loss of the electron dense material associated with the 
accessory tubule (arrows). 228,000X. 
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Figure 31. Section through a Canton-S wild type seminal vesicle after 
aging in the absence of females for 15 days after eclosure. 
The subtle variation in the cross sectional area of the 
primary Nebenkern derivative suggests that the sperm tail is 
tapered. A nucleus (N) is present in this section. 18,000X. 
Figure 32. Detail micrograph of sperm tails in a seminal vesicle of an 
aged male as described in the legend for figure 12. The axoneme, 
primary derivative (PD) and secondary derivative (SD) appear 
normal. The membrane complex around the sperm tail is swollen 
away from the surface of the axoneme and derivatives (arrows). 
The areas of reduced electron density (RD) are seen also in 














I. Autosomal male-sterile mutant ms(3)10R 
The major abnormalities observed in spermatids of mutant ms(3)10R are 
aberrant chromatin condensation and failure of nuclear elongation. Cor-
related with these abnormalities is a lack of perinuclear microtubule 
assembly such as is found in wild type males. An area of current controversy 
involves the possible role of cytoplasmic microtubules and/or chromatin in 
elongation and morphogenesis of the sperm head (Kessel, 1969; Fawcett, 
Anderson and Phillips, 1971). There is strong circumstantial evidence 
implicating extrinsic factors in the formation of the sperm head (Kessel, 
1966, 1969; McIntosh and Porter, 1967). Microtubules have been implicated 
as the extrinsic factor involved in shaping of the head because of their 
often close apposition to the nuclear envelope and their disappearance once 
nuclear differentiation is complete. This hypothesis of microtubular in-
volvement as a direct influence in the shaping of the sperm head has recently 
been confounded, however, by evidence reviewed by Fawcett, il al. (1971). 
The latter authors conclude that factors within the nucleus determine the 
pattern of chromatin condensation and this in turn is the major element in 
determination of ultimate head shape. 
Stanley, il al. (1972) have shown that in wild type Drosophila a single 
layer of cross-linked microtubules is closely appressed to the nuclear 
surface, especially during later stages in spermiogenesis. The microtubular 
array is matched across the two adherent leaflets of the nuclear envelope by 
longitudinal ridges of chromatin. These authors postulate a causal relation-
ship across the nuclear envelope that results in close register of elements 
on either side. Specifically, the microtubules may induce a specific pattern 
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of peripheral chromatin condensation which, in turn, may direct the elonga-
tion and shaping of the sperm head. However, it is not possible to 
determine with certainty the direction of the causal stimulus. The rela-
tionships described in the majority of nuclei in mutant ms(3)10R support 
the hypothesis of a transmembrane relationship. Nuclei lacking a peripheral 
array of microtubules exhibit quite abnormal chromatin peripherelization and 
fail to elongate. A small number of nuclei were observed that possessed 
partial microtubule assemblies and these areas corresponded exactly with 
areas of normal nuclear configuration. Only slight abnormalities of nuclear 
elongation were noted in such cells. Finally, a single nucleus of apparently 
normal aspect with regard to microtubule array and chromatin condensation 
was observed. Within this single mutant stock, therefore, a range of nuclei 
from normal to highly aberrant were observed and a constant correlation 
between microtubule presence and form of chromatin condensation was apparent. 
Since the perinuclear microtubular array normally exists before the charac-
teristic chromatin condensation appears, it seems most likely that causal 
stimuli proceed from the microtubule area across the nuclear envelope to 
the peripheral chromatin. It is also quite possible that the specific 
alignment of perinuclear microtubules and peripheral chromatin are both 
affected by a third element such as the nuclear envelope itself. 
Other morphological abnormalities noted include probable bending of 
axonemes back upon themselves, axonemal disruption, and aberrant shaping 
of the Nebenkern derivatives. All of these abnormalities may be explained 
as concomitants of incomplete cellular elongation. Since morphological 
connections among the component organelles in the mutant sperm tails appear 
to be less constant, it seems that the attachment of the axoneme and the 
Nebenkern derivatives to the axonemal sheath as seen in wild type may play 
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an important role in the extensive elongation of the cell as a whole. 
Since the spermatids do not synthesize new RNA (Hennig, 1967, 1968) 
and since spermatocytes are the last cells in spermatogenesis to synthesize 
new RNA in Drosophila (Oliveri and Oliveri, 1965), the aberrant nucleoli 
seen in spermatocytes of this mutant may indicate malfunctions of this 
nuclear organelle. The specific malfunctions possible include improper 
synthesis of ribosomal RNA and the failure of other types of RNA to be trans-
ferred to the cytoplasm (Harris, 1970). This could explain the relatively 
large number of sperm abnormalities observed due to a single gene mutation. 
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II. Autosomal male-sterile mutant ms(3)3R 
In the mutant ms(3)3R, the spermatids differentiate in a normal 
fashion to stage 10 (Stanley, et al., 1972). At this point, the sperm begin 
an ordered series of degenerative changes beginning with a breakdown of the 
limiting plasma membranes. This leaves the organelles of many sperm in a 
common cytoplasmic matrix. The 'A' subtubule and associated spoke in the 
axoneme are the next structures to disappear, followed by loss of subtubule 
'B'. This leaves a random array of the 11 cored tubules (central and 
accessory). The electron dense material surrounding these remaining tubules 
disperses before the tubules and their core structures disappear. Following 
the early degenerative stages, multilaminar configurations appear among the 
Nebenkern derivatives and partially disrupted axonemes. Such configurations 
resemble layered unit membranes and may result from reassembly of previously 
disrupted plasma and endoplasmic reticulum membranes. This sequence of 
degenerative changes in the axoneme differs from the degenerative changes 
in X/0 and Y-chromosome mutants described by Kiefer (1966, 1968, 1969, 1970) 
in that the doublets degenerate in reverse sequence. Kiefer implies that 
the same order of disassembly results from a variety of genome defects and 
that the sequence may be dictated by the inherent tendency of some subunits 
to disassemble more readily than others regardless of the causes of the 
degenerative events. The degenerative sequence in ms(3)3R indicates that, 
on the contrary, specific sequences of axonemal disassembly may be the 
result of specific genomic abnormalities. 
Mutant ms(3)3R is similar to numerous other mutant stocks studied by 
us (unpublished observations) and by Hess and Meyer (1968), Kiefer (1966, 
1968, 1969, 1970), and Shoup (1967) in that differentiation of spermatids 
proceeds normally to a certain point and then general degenerative changes 
ensue. Such mutations may be intrinsic or extrinsic to the germ cells, 
i_.~., the mutation may affect a gene active in the primary spermatocyte 
whose product is necessary for differentiation at the stage in which de-
generation begins, or the mutation may affect a gene transcribed only in 
certain somatic tissues such as the supportive cells of the testis or 
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perhaps an endocrine tissue elsewhere in the body. The fact that behavior 
(copulation) in the present mutant stock is altered argues in favor of the 
latter possibility. Such a mutation could supress copulation as well as 
terminate spermiogenesis at some definitive stage, The gene product in 
question then, may haveadual function, one in the control of behavioral 
and the other in mediating a specific cytodifferentiative event, Hormonal 
control over spermatogenesis has been well established in mammals (see review 
by Steinberger, 1971) and it appears that in at least some insects there is 
hormonal control over sexual differentiation (Naisse, 1966a, b) and sperm-
iogenesis (Cantacuzene and Seureau, 1970). 
The observations on seminal vesicle sperm in aged wild-type males 
reported here supports the interpretation that the degenerative changes 
in late spermatids of mutant ms(3)3R are not due simply to their retention 
in the testicular duct and seminal vesicle as a result of the failure to 
copulate, Degeneration in the mutant appears to be due to lack of a neces-
sary gene product at a specific stage of differentiation, whether that 
product is synthesized within the germ cells themselves or is produced by 
some somatic cell type, 
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SUMMARY 
Spermatogenesis in two male-sterile third-chromosome mutants is 
described. Characteristic of sperm cytodifferentiation in the first, ms 
(3)10R, mutant is lack of nuclear elongation, various axoneme irregularities, 
highly tortous Nebenkern derivatives that often exhibit more than one para-
crystalline inclusion and, lastly, aberrant nucleolar morphology in the 
nuclei of primary spermatocytes. Elongation of the nucleus can be constantly 
correlated with an association between microtubules and the outer surface of 
the nuclear envelope. This suggests a microtubule mediated induction of the 
chromatin of the differentiating nucleus that in turn functions in elonga-
tion and shaping of the sperm head. It appears that the abnormalities seen 
in the axoneme and the Nebenkern derivatives are due to incomplete or 
irregular sperm elongation. 
The mutation to the second, ms(3)3R, mutant affects the late differentia-
tion and maintenance of sperm ultrastructure. The sperm tails in late 
bundles coalesce concomitant with the loss of membrane and ribosome-like 
particles. The ultrastructural degeneration of the flagellar complex follows 
an ordered sequence different from the sequence described for Y-chromosome 
mutations and deletions. The axonemal elements, the cored central and 
accessory microtubules, are the most resistant to degeneration. Since this 
mutation also affects the behavior of the male, the primary effect may be 
modification or lack of a hormone with dual function, i-~· maintenance of 
sperm structure and behavior. 
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